###### Strengths and limitations of this study

-   A small sample size may have precluded determination of significant differences between subgroups.

-   Logistics of the study and health privacy concerns precluded collection of follow-up test results (ie, glycated haemoglobin, fasting plasma glucose and oral glucose tolerance tests) directly from the family physicians as opposed to that from participants of the study.

-   As the study was performed at a single site, generalisation to the Canadian urban emergency department population should be viewed cautiously.

Introduction {#s1}
============

Approximately 300 million adults are affected with diabetes worldwide, and this number is expected to rise to 439 million over the next two decades.[@R1] In Canada, an estimated 2.8 million people have been diagnosed with diabetes[@R2] and approximately 6% of the population may be living with undiagnosed diabetes and prediabetes.[@R3] Diabetes is a cause of significant morbidity and mortality; it is a major contributor to cardiovascular and cerebrovascular disease, and is the leading cause of blindness, end-stage renal failure and non-traumatic amputations in Canadians.[@R4] In 2010, the estimated cost of diabetes to the Canadian economy was \$6.3 billion annually, and this is expected to nearly triple over the next decade.[@R5]

Approximately 90% of diabetes in the population is type 2 diabetes (T2DM),[@R6] which has a prolonged asymptomatic period of 5--12 years.[@R7] During this time, hyperglycaemia develops insidiously and causes significant functional changes to various target tissues.[@R7] [@R8] At the time of diagnosis, about 20--30% have developed diabetes-related complications.[@R8] Screening tests for diabetes allow diagnosis during the asymptomatic diabetic and prediabetic stages, and can contribute to reduced morbidity and mortality. The implementation of lifestyle and pharmacological interventions during the prediabetic stage can prolong and even prevent the onset of diabetes,[@R9] [@R10] and control of hyperglycaemia during the early diabetic stage has long-term benefits in delaying the progression of complications and reducing the risk of premature death.[@R11]

The diagnosis of diabetes is typically made on the basis of a fasting plasma glucose (FPG) \>7 mmol/L, or random plasma glucose (RPG) \>11.1 mmol/L with symptoms of diabetes or a 2 h plasma glucose ≥11.1 mmol/L in a 75 G oral glucose tolerance test (OGTT). The term 'prediabetes' is a term for impaired fasting glucose or impaired glucose tolerance, with conditions that place the patient at high risk of developing diabetes. Prediabetes is diagnosed on the basis of an FPG between 6.1 and 6.9 mmol/L, and warrants further confirmatory testing.[@R4]

Screening initiatives for diabetes have generally focused on the primary care setting and the use of FPG and OGTTs.[@R12] Recently, glycated haemoglobin (HbA1c) has been accepted as an alternative diagnostic test for T2DM. The Canadian Task Force on Preventive Health Care advises HbA1c testing every 3--5 years for routine screening of adults at high risk of diabetes.[@R13] However, an estimated 15.3% of the Canadian population does not have a family physician (FP) and these patients as well as those who do not visit their FP routinely are being missed by the current screening practices.[@R14]

Several studies have characterised the emergency department (ED) as a promising venue for diabetes screening, particularly of benefit for those individuals who do not have access to routine primary care. It is estimated that half of all patients in ED have an RPG drawn and there is emerging support of RPG as an opportunistic screening tool in the ED. RPG has a moderate correlation with HbA1c, and has been used to identify a significant portion of patients in EDs with undiagnosed impaired glucose metabolism (IGM).[@R15]^--^[@R19]

There have been no studies that have looked at RPG screening for diabetes in Canadian EDs. The primary objective of this study was to determine whether RPG collected in a Canadian ED is a useful way to screen for patients at risk for IGM who may otherwise not be identified. There are currently no guidelines for using RPG as a screening tool. In this study, a screening threshold of RPG \>7 mmol/L was selected to minimise false positives yet provide adequate sensitivity to detect a large proportion of the patients who would warrant further confirmatory testing for prediabetes and diabetes. This glucose level was based on studies including that Ziemer *et al*[@R19] explored the sensitivity and specificity of various RPG cut-offs and found that a cut-off of 7 mmol/L provided 93% specificity and 40% sensitivity for identifying diabetes.

Methods {#s2}
=======

Study design {#s2a}
------------

Retrospective cohort study.

Setting {#s2b}
-------

ED in Toronto Western Hospital (TWH), an urban teaching hospital in downtown Toronto that sees more than 40 000 emergency visits annually.

Participants {#s2c}
------------

Using electronic chart review, we retrospectively identified patients visiting the ED over a 1-month period who had a RPG drawn in the ED. Patients of 18 years of age and older with RPG \>7 mmol/L, with an access to telephone services, and who were able to provide verbal consent and were willing to complete follow-up testing (see below) were included in the study. Patients were excluded from the study if they: (1) had known IGM or a prior history of diabetes, (2) were on diabetic medication, (3) were admitted to hospital, (4) were deceased or (5) were unable to provide informed consent as they were non-English speakers or confused.

Methods {#s2d}
-------

The hospital electronic patient record data were searched retrospectively for ED visits during a 1-month period in cases where RPG was sampled and was \>7 mmol/L. Flagged charts were reviewed by the researcher (BB) to identify inclusion/exclusion criteria and for recording of additional demographic information (ie, age, gender and language). A letter of introduction to the study (with opt-out option) was mailed to patients meeting inclusion criteria. The letter also included the level of the patient\'s elevated RPG, with instructions to follow-up with their family doctor for further diabetic screening. Within 2--4 weeks of posting the letter these patients were contacted by telephone by one of the researchers (Janaki Vallipuram, Brenda Baswick and Andrea Scott). If the patient provided verbal consent, a brief standardised telephone interview was conducted, and the patient was advised to seek confirmatory testing with a primary care provider. A second postintervention phone follow-up was made to determine whether the patient sought a follow-up care, and to record the results of follow-up tests. In order to maximise data acquisition, a minimum of eight attempts over 8 weeks were undertaken for participants who were difficult to reach or who delayed seeking follow-up care.

This study was powered to identify at least 10 patients with diabetes with incidental findings of elevated RPG. On the basis of previously reported studies, we anticipated a 20% prevalence of new diagnosis of diabetes. With worst case scenario expectations of 50% of charts with RPG\>7 mmol/L meeting the exclusion criteria, 50% compliance with first telephone interview and 80% participation in second telephone interview, we aimed to analyse at least 250 ED visits with RPG \>7 mmol/L.

Outcome measures {#s2e}
----------------

The primary outcome measure was the proportion of patients in ED with RPG (over 7 mmol/L) and no previous diagnosis of IGM who were diagnosed with diabetes or prediabetes as determined by secondary testing by FPs with the OGTT or FPG. The secondary outcomes were: (1) characteristics (by age, gender, body mass index (BMI) and language) of the patient population presenting with elevated RPG and (2) patient compliance when this population was encouraged to seek an appropriate follow-up care.

Data analysis {#s2f}
-------------

Data were entered into Microsoft Office Excel 2007 and transferred to SPSS V.17.0 for statistical analysis. Independent t tests were used to compare means for continuous variables, and χ^2^ tests for categorical variables.

Results {#s3}
=======

During the 1-month study period (March 2010), 3470 patients visited the TWH ED. Thirty-three per cent (n=1149) of these patients had RPG measured and of these patients 24% (n=278) had an RPG over 7 mmol/L. After the first telephone follow-up, 31% (n=88/278) of the patients met the inclusion criteria to participate in the study (see [figure 1](#BMJOPEN2013003486F1){ref-type="fig"} for flow diagram of participants).

![Consort diagram. ED, emergency department; FBG, fasting blood glucose; FP, family physician; OHGA, oral hypoglycaemic agent; RPG, random plasma glucose.](bmjopen2013003486f01){#BMJOPEN2013003486F1}

The mean RPG of enrolled participants was approximately 8.4 mmol/L and BMI was approximately 28 kg/m^2^. Patients who were not contactable did not significantly differ by age or gender from those who were reached for telephone interview. (data not shown). The majority of these patients spoke English (77%, n = 68), followed by Portuguese (10%, n=9) and the others (13%, n=11) spoke 1 of 14 different languages (see [table 1](#BMJOPEN2013003486TB1){ref-type="table"}---baseline characteristics).

###### 

Baseline characteristics of participants included in final data analysis

                   Age, BMI and RPG by gender                 
  ---------------- ---------------------------- ------------- --------------
  Age (years)†     59.03±19.40                  61.71±16.99   21--92
  BMI (kg/m^2^)†   27.56±6.22                   27.98±6.01    17.75--58.00
  RPG (mmol/L)†    8.40±2.46                    8.37±1.19     7.10--21.00

†Plus--minus values are means±SD.

‡n=9 of BMI missing data secondary to patients unable to provide weight and/or height.

BMI, body mass index; RPG, random plasma glucose.

Seventy-three per cent of patients (n=64) followed up with their FP. There were no significant differences in age, BMI or initial RPG between those who sought follow-up and those who did not. After 8 weeks and up to eight telephone attempts, 27.3% (24/88) were either unreachable or had not followed up with their family doctor.

Seventy-three per cent of patients (n=64/88) who participated in the telephone follow-up met their FP for blood-work. The FP subsequently diagnosed IGM in 12.5% (n=11/88 study participants meeting the inclusion criteria or 17.1% (11/64) of those following up with the FP), with institution of dietary and lifestyle modifications in 11.4% (n=10/88) and oral hypoglycaemic agent in 1.1% (n=1/88). There were no significant differences in baseline characteristics (age, BMI and RPG) between those who were diagnosed with IGM versus those who were not (see [table 2](#BMJOPEN2013003486TB2){ref-type="table"}).

###### 

Baseline characteristics of patients diagnosed with IGM versus not diagnosed

  Age, BMI and RPG in patients diagnosed with IGM vs patients not diagnosed with IGM                 
  ------------------------------------------------------------------------------------ ------------- -------------
  Age (years)\*                                                                        66.73±12.59   59.48±18.10
  BMI (kg/m^2^)\*                                                                      27.45±4.17    24.73±9.85
  RPG (mmol/L)\*                                                                       8.61±1.03     8.42±2.05

\*Plus--minus values are means±SD.

†n=24/88 of missing data secondary to patients not reachable or did not follow-up with FP after 8 weeks.

BMI, body mass index; FP, family physician; IGM, impaired glucose metabolism; RPG, random plasma glucose.

The FP did not perform confirmatory testing (ie, 75 G OGTT) in 7% (n=6/88) of patients who brought them the letter mailed from the ED advising confirmatory testing.

Discussion {#s4}
==========

Approximately one in eight people without previously diagnosed diabetes who completed a follow-up were found to have IGM. RPG as a screening tool for diabetes in the acute care setting has been criticised on the grounds that transient stress-induced hyperglycaemia and the non-fasting state act as confounders that make the interpretation of this test difficult. Despite this, many studies have shown that when using an appropriate cut-off, RPG can reliably detect a significant portion of undiagnosed diabetes with acceptable specificity.[@R15]^--^[@R20] George *et al*[@R20] found that over half of patients presenting to the ED with undiagnosed diabetes and random capillary blood glucose over 7 mmol/L fulfilled criteria for IGM. This substantial number may be an underestimate as the researchers used only FPG and not the OGTT test for diagnosing IGM, thus missing people with impaired glucose tolerance. Charfen *et al*[@R1][@R5] also found that among ED visitors with undiagnosed diabetes, 66% of those with two or more diabetes risk factors or RPG over 7 mmol/L (or over 7.8 mmol/L if food was ingested within 2 h of the test) fulfilled criteria for IGM. Ziemer *et al*[@R19] analysed the sensitivity and specificity of various RPG cut-offs and found that a cut-off of 7 mmol/L has 93% specificity and 40% sensitivity for identifying diabetes.

A finding of IGM in one in eight people with previously undiagnosed diabetes is significant given the substantial burden that diabetes has at the individual and community levels. This screening effort did present some cost to patients and the healthcare system, including use of resources, clinician time and potential psychological stress in patients. One consideration to optimise cost versus benefit is to improve the yield of screening by targeting patients with risk factors for T2DM and/or those who do not regularly access primary care.

Age and BMI are important risk factors for diabetes.[@R3] [@R15] [@R16] In our study, there was a non-significant trend towards a slightly higher age and BMI for people with impaired glucose tolerance, which is in keeping with findings from other studies. The lack of significant difference in our study may reflect a study sample size limitation.

A challenge in using the ED to screen for diabetes is the need for follow-up by patients with their FPs. A lack of follow-up has consistently been identified as a problem in other studies, often trending towards half of patients not following up.[@R15] [@R17] [@R18] The high follow-up rate in our study may be attributable to a more health-conscious Canadian population or may likely be due to a substantial number of reminder telephone calls (minimum of 8) from the study researchers to patients delaying follow-up. Poor follow-up has often been cited as an argument against using the ED for routine screening.[@R15] [@R17] [@R18] Suggestions for improvement include investigators notifying the FPs directly, ED diabetic teaching and reminders to patients to seek follow-up care.

A further challenge in using the ED for screening is a poor follow-up by physicians. In the current study, 7% of FPs did not conduct further testing despite the patient\'s request. In a pilot study by Hewat *et al*,[@R18] the proportion was 50%. This phenomenon may be attributable to the controversial role for RPG in screening for diabetes and this stresses the importance of FP education to ensure an improved collaboration with the ED. A study by Ginde *et al*[@R21] showed that in a US ED setting, elevated RPG was often overlooked and not communicated to patients by ED physicians. This supports the argument that ED physician education would also be an essential component of an ED diabetes screening programme.

Limitations {#s5}
===========

A small sample size may have precluded determination of significant differences between groups. As the study was performed at a single site, generalisation to the Canadian urban ED population should be viewed cautiously. For example, regional variations in practices and guidelines for ordering blood tests in the ED, reasons for patient presentation to the ED and premorbid health status (ie, prevalence of obesity diabetic risk factors) will impact generalisability of these results. However, similar studies from other parts of the world support these findings and suggest that a finding of high RPG should prompt further outpatient evaluation for diabetes.

Logistics of the study and health privacy concerns precluded collection of follow-up test results (ie, HbA1c, FPG and OGTT) directly from the FPs as opposed to from study participants. It would also have been informative to analyse presenting symptoms to the ED and time of last meal to determine other contributors to increased RPG. (We note that a proportion of RPG samples collected may have in fact been fasting for 8 h at the time that blood was drawn in the ED, and thus in fact serve as an FPG.) Analysis of diabetic risk factors and patient affiliation with a primary care providor both before and after the ED visit would have been beneficial. It is possible that patients who did not follow-up with their FP are a selected subgroup with different risk factors and disease prevalence from those who followed up.

While excluding patients who were admitted to the ED likely removed the majority of the more acutely ill patients with febrile illnesses, we felt that it would be worthwhile to include patients despite elevated temperature and the potential for more false positive random blood glucose results.

Conclusions {#s6}
===========

This was the first study looking at the use of the Canadian ED as a screening point for diabetes. This pilot study suggests that the ED has good potential to screen for T2DM, and supports the use of RPG as an opportunistic screening tool. For ED screening to be effective, good collaboration with FPs is essential. Further multicentred large-scale studies are required to form a more conclusive opinion with regard to the widespread use of Canadian EDs as a screening point.
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